Keratoacanthoma is a common epithelial lesion, but its nature is controversial. Although a distinct crateriform appearance is a hallmark of keratoacanthoma, other benign or malignant skin lesions may show a similar architecture. Moreover, as lesions diagnosed as conventional keratoacanthoma may show malignant behavior, some authors consider keratoacanthoma to be a variant of squamous cell carcinoma, whereas others consider it as a distinct self-resolving squamous proliferative lesion. The controversy seems to originate from the diverse behavior of keratoacanthoma-like epithelial lesions. However, a reproducible histopathological classification criterion has been recently proposed in the diagnosis of keratoacanthoma-like epithelial lesions, and its validity is supported by several reports that deal with the natural course or molecular aspects of these lesions. This article attempts to provide a comprehensive review on recent insights and advances in the histopathological diagnosis of keratoacanthoma or related lesions, as well as summary of related published works.
INTRODUCTION
Keratoacanthoma (KA) is a clinically common, low-grade tumor that appears to arise from hair follicles. It has several variants, including solitary KA, KA centrifugum marginatum (characterized by central healing and peripherally expanding growth), subungual KA (which shows rapid growth with nail dystrophy, and no tendency to regress), giant KA (with diameter >3 cm), multiple KA (Ferguson-Smith or Grzybowski types), and a mixed eruptive and self-healing type (Witten-Zak type). 1 The solitary form KA is the most common of these variants, and usually occurs in sun-exposed areas of elderly patients. Its clinical presentations are characterized by a flesh to pinkcolored crater-like nodule with a central keratotic plug. An essential clinical characteristic of solitary KA is its self-limiting course, with rapid enlargement and spontaneous regression. 1, 2 Therefore, KA was originally reported by Hutchinson 3 in 1889 as a clinically distinct, non-aggressive tumor, and many textbooks and articles have followed this concept. [4] [5] [6] However, some authors suggest that it be classified as a low-grade type of squamous cell carcinoma (SCC), based on cases with clinical and histopathological features of solitary KA that show malignant biological behavior such as metastasis or tumorrelated death. 7 Other authors believe that KA is essentially a benign lesion that can transform into SCC (SCC development within a lesion). [8] [9] [10] [11] The major roots of these controversies may be the diverse behavior shown by KA and KA-like epithelial tumors, and the lack of accepted reliable histopathological criteria on the diagnosis of KA. Although some studies have attempted to find histopathological features which would be applicable to differentiate between KA and SCC, most of them failed to establish completely useful criteria. 12 Consequently, as KA and SCC are often described as difficult to distinguish, some authors mentioned that KA should be regarded and managed as a subtype of SCC. 13 Furthermore, KA is considered to have different histopathological stages during its development, 14 which is a peculiarity of KA that may complicate its diagnosis. Thus, whether KA is a distinct neoplasm, whether it is malignant or benign, or differentiated towards the follicle or not, and its management are all controversial. 15, 16 Recently, Misago et al. 17 clarified the pathological changes in KA, depending on the stage, and showed its follicular differentiation (toward infundibulum and isthmus), from both morphological and immunohistochemical standpoints. 18 They also provided a framework for the histopathological classifications of KA, KA with SCC components, and the other types of SCC with crateriform architecture. 19 Interestingly, they not only attempted to standardize the terminology related to these neoplasms, but also demonstrated the validity of these classifications, analyzing how the lesions in each groups actually behaved after partial biopsy. 20 Herein, we review the new insights on the histopathological diagnosis of KA and related lesions, and describe their detailed pathological findings.
relatively well-defined, almost symmetrical outline; (iii) a multilobular lesion with a central keratinous plug; and (iv) overhanging epithelial lips covered with normal epidermis (Fig. 1) . Three findings should be emphasized: (i) presence of characteristic KA components, such as invaginated infundibular structures (laminated keratinization) and lobules with enlarged pale pink cells with ground glass-like cytoplasm, which generally lack nuclear atypia; (ii) lobules of large pale eosinophilic cells with a few layers of basophilic cells at their periphery; (iii) possible nuclear atypia or mitotic figures, limited to the peripheral areas of the basophilic cells; and (iv) minimally infiltrating borders. (Fig. 2) . Remarkably, these histopathological features may cause some difficulties in histopathological diagnosis of KA. In fact, the well-differentiated infundibulocystic SCC reported by Kossard et al. 22 has been suggested to be early or proliferative stage KA. 10, 23 To accurately diagnose early/proliferative stage KA, a histopathological assessment should confirm the virtual absence of nuclear atypia in the proliferating cells of the invaginated epidermal or infundibular structures. However, an infiltrating border is an expected finding, and nuclear atypia or mitosis would likely be detectable in the infiltrating border of the tumors. 19 Misago et al. 18 reported that at this stage, KA was assumed to have mainly follicular infundibular differentiation, from their immunohistochemical investigation for cytokeratin (CK)1, CK10, CK15, CK16 and CK17.
Well-developed stage
At the well-developed stage, KA shows: (i) a characteristic crateriform architecture (an exoendophytic lesion with a central large keratotic plug formed by merged, dilated infundibula located in the multilobular fashion); (ii) overhanging epithelial lips covered with a normal epidermis; and (iii) neoplastic lobules with a proliferation of large pale pink cells with a glassy eosinophilic cytoplasm that show compact keratinization in most parts ( Fig. 1 ). At this stage, KA reportedly shows differentiation toward the follicular isthmus, especially in parts 
Regressing stage
Regressing stage KA is histopathologically characterized by one or two keratin-filled, shallow, cup-shaped structures formed by the thinner epithelium, associated with dermal inflammation and fibrosis. The keratin-filled, shallow, cupshaped structures again show infundibular characteristics, with laminated keratinization, with a few pale pink keratinocytes with a glassy appearance (Fig. 3 ).
Immunohistochemical studies of KA lesions of this stage show features of the infundibulum re-emerge with the loss of so-called pale pink cells. Fully regressed KA also lose isthmic differentiation features, both morphologically and immunohistochemically, and develop infundibular epithelium characteristics. 18 
KA WITH SCC COMPONENTS
As some authors have mentioned, 8, 10 KA may have SCC components within the lesion, and these conventional KA and SCC components will be sharply demarcated in some lesions and poorly demarcated in others.
KA-like SCC
These lesions show histopathological outlines similar to those of KA; exoendophytic multilobular architecture with a central keratinous plug, epithelial lips, and lobules composed of mainly pale pink cells. However, KA-like SCC has a somewhat asymmetrical outline and focally prominent infiltrating border.
Besides the KA components -lobules with enlarged pale pink cells and peripheral basophilic cells -lobules of conventional SCC components, wholly composed of atypical keratinocytes, are visible. In KA-like SCC, conventional KA components and SCC components are relatively ill-demarcated and often admixed (Fig. 4) . No precancerous/in situ SCC lesions (actinic keratosis or Bowen's disease) are seen at the edges of the lesion, by which crateriform actinic keratosis or crateriform Bowen's disease can be excluded. 19 
KA with malignant transformation
Although the histological contours with crateriform nodular lesions of KA with malignant transformation resemble those of KA, malignantly transformed KA histopathologically show a combination of both KA and SCC components, with welldemarcated contrast between typical KA and SCC sections (nests of anaplastic cells of various shapes and sizes; Fig. 5 ).
The KA components may be in any stage: early/proliferative, well-developed or regressing. Ratios of the KA and SCC components can vary in each lesion, or even in different sections of a single lesion. 19 
OTHER CRATERIFORM EPITHELIAL TUMORS
As mentioned above, we consider KA to be a separate entity, distinct from conventional SCC, even though it may have SCC components. Besides KA (with or without SCC components), we list here several additional neoplasms with crateriform architecture, which should be distinguished from KA. 
Infundibular SCC
As the term "follicular SCC" was advocated for folliculocentric SCC, 24 Kossard et al. 22 proposed the concept of SCC with infundibular differentiation. Misago et al. 23 reviewed and revised the classification of follicular/infundibular SCC, and mentioned crater/ulcerated infundibular SCC as a more progressive form, which could matter in the context of differential diagnosis of KA. The histopathological architectural pattern of crater/ulcerated infundibular SCC is an exoendophytic, crateriform configuration with central keratin plug. The tumor nest or cords extend into the dermis, and connect with overlying follicular ostia or the peripheral epithelial liplike structure. The lesions differ from KA in that infundibular SCC does not form a prominent multilobular pattern. Proliferation of atypical keratinocytes will be seen in groupings of two or three contiguous follicular infundibulum (Fig. 6) . The atypical keratinocytes occupy most of the canal-like structures with parakeratosis, in contrast to the laminated keratinization of infundibular canals in KA. Absence of KA features -specifically, the so-called pale pink cells with minimal atypia, or features of in situ SCC change (solar keratosis or Bowen disease) in the interfollicular epidermis -should be confirmed. Nevertheless, Misago et al. 25 later proposed the possibility that crater/ulcerated SCC is a final stage presentation of the malignant counterpart of KA, in which conventional KA components can be no longer seen, based on histological analysis of several cases.
Crateriform SCC arising from solar keratosis
This is an exoendophytic lesion, composed of atypical keratinocytic proliferation throughout the entire lobule, with the deeper portion invading into dermis. Epithelial lip-like structures may also be present (Fig. 7) . In contrast to KA, it lacks isthmic differentiation, and is defined by large pale pink cells with abundant glassy cytoplasm. The surrounding epidermis may have solar keratosis.
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Crateriform (pigmented) Bowen's disease
This is a rare type of Bowen's disease that shows an exoendophytic silhouette with a central keratotic horn. It has contiguous, keratinizing lobules and may have overhanging epithelial lip-like structures (Fig. 8) . Although it has such KA-like features, it is a subtype of Bowen's disease by definition, because it has a neighboring conventional component of Bowen's disease: keratinocytic dysplasia of the entire epidermis, except the basal cell layer. 19 
Crateriform seborrheic keratosis
Crateriform seborrheic keratosis has an exoendophytic lesion, often with finger-like exophytic projections, and features hyperkeratosis and acanthosis with proliferation of basaloid cells, as is seen in conventional seborrheic keratosis. Pseudohorn cysts are also often evident. There are no typical pale pink cells, or no atypia of neoplastic keratinocytes (Fig. 9) . 19 
Crateriform verruca
Recently, Ogita et al. 26 described a group of verrucous neoplasms that are characterized by crateriform contours that resemble KA, but should be differentiated from KA by several distinct histopathological features. They proposed the term "crateriform verruca" (CFV) and described the key characteristics of these benign lesions.
Crateriform verruca shows epithelial lip-like structures at the periphery, holding the central keratinous plugs, which somewhat resembles the crateriform architecture of KA. Nevertheless, CFV has verruca vulgaris-like features, such composed of neoplastic keratinocytes of a similar size and regular arrangement, and basal cells show no or slight nuclear atypia, in contrast to early KA, which may show nuclear atypia and mitotic figures of neoplastic keratinocytes at the periphery (Fig. 10) . Neoplastic cells at the basal cell layer have smaller nuclei than KA, and CFV is associated with less inflammatory cell infiltration.
Recent studies thus proposed the above-mentioned frameworks for histopathological diagnosis of KA and the other epithelial neoplasms with crateriform architecture. However, these criteria should be verified by attempting to clarify if each crateriform lesion actually shows a distinct biological behavior. For this purpose, we classified 66 solitary crateriform epithelial neoplastic lesions according to the criteria described by Misago et al. 19 and analyzed their natural courses after partial biopsy. 20 Histopathologically, 53 of the 66 lesions were diagnosed as KA, including eight at early/proliferative stage, 39 at well-developed stage and seven at regressing stage. Of those, 52 lesions (98.1%) showed either complete regression (n = 43) or partial regression (n = 9); only one enlarged. One non-regressing KA lesion was at the fully developed stage.
We histopathologically classified three lesions as KA-like SCC, of which two lesions showed no clinical change, but one tumor showed partial regression. Similarly, three lesions were classified as KA with malignant transformation, two of which showed no regression, while one case showed regression. Therefore, the regression rate was 33.3% in both groups of KA-like SCC and KA with malignant transformation.
Notably, all eight lesions diagnosed as early/proliferative stage KA showed regression. As mentioned, KA in this stage may be misdiagnosed as SCC because of infiltrating borders or nuclear atypia seen in the periphery of neoplastic lobules. The fact that all lesions classified as early/proliferative stage KA regressed supports the validity of these histopathological criteria. In fact, Misago et al. 23 indicated that the well-differentiated infundibulocystic SCC reported by Kossard et al. 22 may actually have been early or proliferative stage KA. Particularly, KA in this stage shows almost no nuclear atypia in the proliferating cells of invaginated epidermal/infundibular structures, although it often shows infiltrating borders in which nuclear atypia or mitosis are detectable. 19 In our study, the regression rate for KA with an SCC component (KA-like SCC/KA with malignant transformation) was approximately 33% (2/6 lesions). Misago et al. also reported a regressing case with both KA and SCC histopathological components. 27 Although the study cohort was not so large, we considered that KA with SCC components had some potential for regression: as KA is biologically unstable, some KA tend to evolve into conventional SCC. As KA begin to exhibit SCC characteristics, they gradually lose the capacity for spontaneous regression.
In contrast, none of the infundibular SCC (five cases) and crateriform SCC arising from solar keratosis (two cases) in our study regressed. This result suggests that these two groups were essentially different from KA, both histopathologically and in biological properties. Crateriform SCC arising from AK are considered to be conventional SCC with crateriform architecture. Infundibular SCC is considered to be an extreme subtype of follicular SCC described by Diaz-Cascajo et al., 24 although it may have the progressive characteristic of "KA with an SCC 
MANAGEMENT OF KA
What, then, is the most appropriate management for KAappearing lesions? Generally, many studies and guidelines recommend surgical resection as the standard of care for KA, 16, 28 although some authors still argue for the conservative approach. 29 Although the results of our study indicate that KA typically self-regresses, we would still advise surgical treatment for KA lesions, as our work also demonstrates that KA is an unstable neoplasm, and occasionally becomes malignant and loses capacity for spontaneous regression. Actually, we experienced a case of KA-like SCC that showed no SCC components in the partial biopsy (Fig. 11 ), but had evident SCC components in the subsequently excised specimen (Fig. 12) . For this case, the initial biopsy might have missed the SCC component, or the SCC component arose after the initial biopsy; either possibility demonstrates a risk of observation policy for KA-looking lesions.
CONCLUSION
In summary, wait-and-see management can be used in patients with histopathologically typical KA without an SCC component, for whom complete resection is difficult because of anatomical location or poor general condition. However, the benefit and risk balance of observation policy should be carefully determined. Furthermore, the difficulty of histopathologically distinguishing early/proliferative or fully developed KA from KA with malignant transformation should be considered. Keratoacanthoma and SCC were recently reported to have distinctive gene expression profiles; 30 upregulation of the cell death/apoptosis pathway was suggested to promote the regression seen in KA. Another study investigated the cytogenetic changes as SCC evolves from KA. 31 However, the KA molecular profile, on which our histopathological criteria are based, is little studied. Future studies may clarify the molecular profiles of each neoplasm and verify the appropriateness of our classification.
